Although originating in Toyota, Japan, lean production has spread to organizations throughout the world (MacDuffie & Pil, 1996) and has been applied beyond auto manufacturing into new production domains and the service sector (Landsbergis, Cahill, & Schnall, 1999) . The lean production approach combines various practices so as to simultaneously improve efficiency, quality, and responsiveness to customers (Applebaum & Batt, 1994) . It is a broad concept with implications for many aspects, such as product design, supplier relations, industrial relations, and sales. In the current article, I focus on its implications for work organization, which is a contentious issue. Several scholars see lean production as having negative consequences for employees' and their job quality, but others view lean production as a way of achieving world-class performance in a humane way with positive effects on employees.
The current article pertains to this debate. First, in an area in which there are few rigorous studies, it presents a quasiexperimental study of lean production and its effects on job quality and employee outcomes. Second, rather than assuming a singular production concept, the study compares the effects of three distinct practices adopted in lean production contexts. Third, linking lean production to the well-established research on work design, the study tests a theoretical framework that proposes that the effects of lean production on outcomes are mediated by work characteristics. The background behind these goals is elaborated next.
Lean Production, Work Characteristics, and Employee Outcomes
The extent to which lean production differs from mass production, and consequently its effect on work characteristics and employee outcomes, is hotly debated. Womack, Jones, and Roos (1990, p. 99) , the key advocates of lean production, identified two ways lean production is distinct from mass production. First, "it transfers the maximum number of tasks and responsibilities to those workers actually adding value to the car on the line." This means that there is an emphasis on removing wasted time and motions so as to maximize the value-adding proportion of working time. Various techniques are used to ensure maximum work loads, but, in contrast to Taylorism, the work standards are determined by the employees themselves rather than solely by management or engineers. The second key feature of lean production identified by Womack et al. (1990, p. 99) is that "it has in place a system of detecting defects that quickly traces every problem, once discovered, to its ultimate cause." The system involves multiskilled operators, typically organized into small teams, being responsible for quality, continuous improvement, and problem solving (Niepce & Molleman, 1998; Taira, 1996) . The inclusion of nonproduction tasks within teams, and the emphasis on employee participation in improvement and problem solving, is argued to result in greater job enlargement, cross-training, and challenge than mass production (Taira, 1996; Womack et al., 1990) . As such, lean production is purported to remove the "mind-numbing stress" associated with mass production (Womack et al., 1990, p.102) and to create "a highly motivating work environment" (Adler, 1993, p. 86) .
Others, however, do not view lean production as a fundamentally distinct and more humane system. Rather, lean production is considered to be intensified mass production or neo-Taylorism (Dankbaar, 1993; Tsutsui, 1998) . It is argued that the multiple tasks are variations of similar simple jobs with short training requirements, representing multitasking rather than multiskilling (Delbridge, Turnbull, & Wilkinson, 1992) . The level of employee participation in decision making is suggested to be very limited (Berggren, 1992; M. Parker & Slaughter, 1988) , and the teamworking element of lean production, portrayed so positively by advocates, has been argued to exploit peer pressure to "facilitate the process of work intensification" (Turnbull, 1988, p. 14) . Critics (e.g., Babson, 1993; Delbridge et al., 1992; Turnbull, 1988) have used terms such as mean production or management by stress to convey the negative consequences of lean production for employee motivation and well-being.
Unfortunately, this debate about the effect of lean production on work characteristics and employee outcomes is not resolved by empirical evidence. On one hand, negative consequences of lean production have been documented in detailed case studies (e.g., Fucini & Fucini, 1990; M. Parker & Slaughter, 1988) , large scale surveys (Lewchuk & Robertson, 1996) , and comparative or longitudinal studies (e.g., Berggren, 1992; Jackson & Martin, 1996; Kaminski, 1996; Klein, 1991) . Landsbergis et al. (1999) tentatively concluded in a review of lean production studies that this practice is likely to result in increased demands and work pace and in modest or no changes in decision latitude and autonomy. On the other hand, several studies have identified positive consequences of lean production and related practices (e.g., Adler & Cole, 1993; Mullarkey, Jackson, & Parker, 1995) , or a mixture of both positive and negative consequences (Berg, Appelbaum, Bailey, & Kalleberg, 1996; Jackson & Mullarkey, 2000) .
One explanation for these inconsistent findings resides in the methodological inadequacies of many of the existing studies of lean production, which leave open alternative interpretations of the findings. For example, in their review, Landsbergis et al. (1999) were forced to rely on many case studies, rather than rigorous empirical studies, and on studies that had not been published in peer reviewed journals. The current study has a longitudinal quasiexperimental research design that allows stronger inferences of causality than most existing lean production studies.
A second reason for the inconsistent findings is that what constitutes lean production varies considerably among studies. As Kochan, Lansbury, and MacDuffie (1995, p. 303) observed, lean practices "are not as singular in cause, character, or effect as Womack, Jones, and Roos thought they would be." Consistent with a nondeterministic approach to technology implementation (Corbett, 1992) , it has been argued that many factors influence the shape of particular production strategies, including product markets, technology, labor market conditions, and the role of trade unions, government policies, and national institutions (Berggren, 1992) . Thus, when lean production is introduced, it is often accompanied by modifications that adapt it to local conditions. For example, Adler and Cole (1993) described how the harsher elements of the lean model were modified at the Toyota-General Motors joint venture plant in California, New United Motor Manufacturing Incorporated (NUMMI). Similarly, organizations often introduce hybrid systems that include aspects of both lean and mass production systems (MacDuffie & Pil, 1996) . Lean production can also vary in how it is implemented. Adler and Borys (1996) predicted that the workflow formalization component of lean production (i.e., the systematic recording and standardizing of work procedures) will have more negative effects on jobs and outcomes if it is designed to be coercive (i.e., a means by which management attempts to coerce employees' effort and compliance) rather than enabling (i.e., a means by which employees can carry out their tasks more effectively).
Lean production is thus not a single unitary production concept, either in its design or in its implementation. This has two important research consequences. First, it is important to understand precisely what elements of lean production are being introduced in the particular context. As Landsbergis et al. (1999) urged, researchers should not rely on labels but should carefully describe the work reform. Indeed, because some lean production practices might have positive effects (e.g., team working), whereas others might have negative effects (e.g., short cycle times), researchers should separately evaluate the particular initiatives being introduced. In the current study, three types of lean production practices (described later) are compared with each other and with a comparison group that has not experienced lean production. The second consequence of variation in lean production is that it is important to develop a theoretical framework for understanding the processes by which the various practices affect outcomes. By understanding how and why lean production practices affect outcomes, we can better identify what factors moderate the relationship. I address this framework next.
Mediational Framework for Understanding Lean Production
I propose that work characteristics mediate the link between lean production practices and employee outcomes. In other words, the effect of lean production on outcomes depends, at least in part, on its effects on employees' work characteristics. Figure 1 depicts this framework.
This mediational framework draws on job characteristics theory, which proposes that work characteristics such as job autonomy and skill variety should be present in jobs to achieve outcomes such as employee morale, work motivation, and performance (Hackman & Oldham, 1976) . Meta-analyses and reviews support the notion that the presence of core work characteristics, particularly job autonomy, can lead to positive employee attitudinal outcomes (Fried & Ferris, 1987; S. K. Parker & Wall, 1998) . Job characteristics theory provides a framework for understanding the effects of lean production because it is expected that this practice will systematically affect important work characteristics.
This idea that the effects of a particular organizational structure or practice depend, at least to some degree, on how it impinges on work characteristics is not a new one. Rousseau (1978; see also Brass, 1981) showed that job characteristics largely accounted for the relationship between organizational structure and technology and individual attitudes and behavior (e.g., job satisfaction, propensity to leave). More recently, the indirect or mediating role of work characteristics has been suggested (S. K. Parker, Wall, & Cordery, 2001) , and in some cases demonstrated, in relation to practices such as just-in-time (Jackson & Martin, 1996) and temporary employment status (S. K. Parker, Griffin, Sprigg, & Wall, 2002) . However, with the exception of one study (Jackson & Mullarkey, 2000) , the mediating role of work characteristics has not been explicitly examined in relation to lean production. Adler and Borys (1996) implicated work characteristics when they explained why enabling approaches to workflow formalization have positive benefits, such as how employee participation in developing standard work procedures might increase participation in decision making and thus support, rather than degrade, skill use. However, these researchers did not specifically posit any mediational pathways nor did they consider the effect of workflow formalization on job autonomy, a key work characteristic that is very likely to be affected by lean production.
The mediational framework in the current study includes the following key work characteristics: job autonomy, skill utilization, participation in decision making, and role overload. Each of these is known to affect employee outcomes, and each is salient in the context of lean production. Job autonomy, or an employee's control of the timing and method of his or her work tasks (S. K. Parker & Wall, 1998) , is pertinent given reports of increasingly standardized work processes and tightly linked work flows that can reduce employee control (Turnbull, 1988) . Skill utilization, or an employee's opportunity to use his or her existing skills and to acquire new ones (Warr, 1999) , is relevant because some believe skill utilization is increased as a result of lean production (Womack et al., 1990) , whereas others argue that it will be diminished (Turnbull, 1988) .
The effects on participation in decision making, or the degree to which employees have influence over more distal issues that affect their task domain (Ashforth, 1989) , are equally contentious. Adler (1993) suggested that employee participation in decision making differentiates aspects of lean production from mass production and that it is the reason for the (presumed) enhanced productivity of the former. Adler further suggested that employees accept low autonomy and narrower jobs because of their greater involvement in decision making. Other researchers, however, have suggested that the level and kind of employee participation in decision making is very limited in lean production and that any productivity gains are attributable to work intensification more than employee participation (e.g., Berggren, 1992) . The latter point highlights the importance of including role overload in any evaluation of lean production. Although some researchers have shown increased work load as a result of lean practices (Jackson & Mullarkey, 2000) , others have argued that employees work "smarter" with lean production but not necessarily "harder" (Womack et al., 1990) . Including role overload is also important in the current study given that there were changes other than lean production (increased production targets) that might have enhanced work demands.
Each of these work characteristics have been shown to affect employee outcomes, suggesting that it is appropriate to include them as mediators. Job autonomy has been shown to enhance well-being (Warr, 1999) , affective organizational commitment (Meyer & Allen, 1997) , and role breadth self-efficacy (RBSE; S. K. Parker, 1998) . Skill utilization and participation in decision making have also been shown to promote employee well-being (Spector, 1986; Warr, 1999) , and participative decision making can also affect RBSE (S. K. Parker, 1998) . Role overload has been linked to negative employee outcomes, such as strain (Parkes, 1995) and lowered commitment (Mathieu & Zajac, 1990) .
One criticism of work design research has been its focus on a narrow set of outcome variables (S. K. Parker & Wall, 1998) . Organizational commitment is a commonly used outcome variable, and it is investigated here. However, the mediational framework includes two types of outcome that have received less attention in work design studies: employees' psychological strain (i.e., job anxiety and job depression) and their RBSE. Psychological strain is an important outcome to include given the arguments that lean production can damage employee mental health. Considerable cross-sectional evidence has shown that work characteristics affect employees' psychological strain (e.g., S. K. Parker, Turner, & Griffin, 2003; Warr, 1999) . Rather than using a global strain measure, which has been criticized for confusing distinct aspects of strain (Warr, 1999) , the current study distinguishes between job anxiety and job depression. Evidence has suggested that high demands (e.g., role overload) are more predictive of job anxiety than of job depression, whereas low job autonomy links more strongly to job depression than to job anxiety (Warr, 1990) . In the context of improvement-focused organizations where employees are required to use their initiative and suggest better methods, a further important outcome is RBSE (S. K. Parker, 1998) . RBSE refers to employees' confidence that they can carry out a range of proactive, integrative, and interpersonal tasks (S. K. Parker, 1998) . RBSE is considered to be an indicator of proactive motivation (S. K. Parker, 2000) , or the internal forces that drive an individual to be proactive, such as taking initiative to improve current circumstances or challenging the status quo (Crant, 2000; Frese, Kring, Soose, & Zempel, 1996) . Consistent with this, RBSE has been shown to predict proactive behaviors, such as employees' making innovative suggestions (Axtell et al., 2000) . Apart from anecdotal reports in case studies, the effect of lean production on proactive motivation has not been investigated; yet, such outcomes are likely to be affected if lean production affects job characteristics. There is evidence that autonomous and complex work can promote proactive outcomes such as an active role orientation (S. K. Parker, Wall, & Jackson, 1997) , personal initiative (Frese et al., 1996) , a desire for self-direction (Kohn & Schooler, 1982) , and increased RBSE (S. K. Parker, 1998) . Therefore, one would expect positive effects of lean production on RBSE if work characteristics such as job autonomy are enhanced, but negative effects if the reverse occurs.
As described above, the nature and shape of lean production varies across contexts. It is therefore important to describe the particular practices implemented by the organization focused on in this study, as well as the wider context, prior to developing the specific research hypotheses. The next section describes the study context and the research hypotheses.
Study Design, Context, and Hypotheses

Organizational Context
The organization investigated was a UK-based company that manufactures and assembles large vehicles. Prior to the first survey, senior management of the family-owned company had introduced new initiatives to improve product quality (e.g., a business unit structure, continuous improvement groups, and increased training). Researchers were invited into the company to evaluate progress and to recommend ways to develop the workforce.
Shortly after the initial survey, the company was taken over by a US-owned multinational company who had been the major customer. Demand for the product increased because the take-over company had a greater market share. Over the 3-year study period, the number of vehicles produced per day doubled. To match the demand, the size of production workforce was increased through the growth of a large contingent work force. This change was controlled for in the current study by covarying out the effects of employment status. Inclusion of the measure of role overload also allowed for an investigation of the effects of the increased production targets on work demands. Within production, three lean production practices were introduced: lean teams, assembly lines, and workflow formalization and standardization. Although the organization had a way to go before it approached the "pure" lean plants observed in Japan, the changes were a clear move in that direction.
Lean Teams
Lean teams were introduced to replace a total quality initiative involving voluntary continuous improvement teams that the management team felt had lost impetus. Lean teams were introduced in a staggered way, according to management requirements. Each team was composed of a group of highly interdependent assemblers who needed to work together as a cell to complete their tasks. Team members were expected to take responsibility for support tasks such as quality management and improvement. They were involved in systematic activities to reduce waste and enhance the smooth flow of parts through the cell, which included the following: start up (e.g., select team champion), preparation (e.g., generate process flowcharts), defect reduction (e.g., waste reduction activities), certification (e.g., planned method audits), and approval (e.g., certification audit). The time from the formation of a team to final certification took an average of 18 months. Although teams had a nominated team champion, teams continued to be managed by supervisors who directed employee activities. The lean teams approach to workflow formalization and standardization can be characterized as enabling rather than coercive (Adler & Borys, 1996) because employees redesigned procedures themselves.
Assembly Lines
Assembly lines are important features of both mass production and lean production. In the current organization, they were seen as a precursor to full-scale lean production. Initially, a pilot assembly line was installed within one area of assembly. The prior system, a stall build technique, involved groups of fitters carrying out all or most of the operations needed to assemble the part. Installing the moving assembly line involved breaking the production process into a set of six stages, each to be performed by two skilled operators (fitters). At 4-hr intervals, the part was lifted to the next stage. Operators remained at their station throughout the shift. Procedures were simplified so that parts could be assembled without any need for fitting. Various subassemblies fed the required parts directly into the stages of the line. The lead time for building a part was markedly reduced within the first few months. At a later stage of development, one of the subassemblies was included in the line, and the process was broken into 12 stages with a cycle time of 2 hr. A second assembly line was also installed. The lead time required to build the part continued to be reduced, although the effect on quality was unclear. Some employees had been involved in the design of the assembly lines because their knowledge was needed to balance the line, but this participation did not continue after installation.
1 In terms of the Adler and Borys (1996) typology, this approach to workflow formalization can be characterized as coercive rather than enabling.
Workflow Formalization and Standardization
Several generic changes occurred that affected the rest of the direct production employees. Efforts were made to reduce inventory levels and to pull rather than push parts through the system. Methods to simplify and standardize processes were also intro-duced with the help of a technical resources department, comprising engineers and operators, that was specifically established for this purpose. There was a greater focus on designing products for ease of manufacture, with tighter specifications and tolerances. The goal was to make simpler parts that required fast assembly rather than slower fitting. Controls were installed to ensure that operators followed standard work procedures.
Research Design
A quasi-experimental research design was used. Four groups were surveyed twice over a 3-year period. The first group (lean teams) was 77 employees who became members of active lean teams over the study period (i.e., these employees were not in lean teams at Time 1, but were in lean teams at Time 2). The second group (assembly lines) was 31 employees whose work was reorganized into moving assembly lines over the study period. These employees were not working in assembly lines at Time 1, but were working in lines at Time 2. The third group (formalization) was 231 production employees who had been affected by site-wide workflow formalization and standardization that occurred during the study period but who were not involved in lean teams or assembly lines. The fourth group (technical support) was 29 employees who provided technical support to production, such as design, development and production engineers and maintenance personnel. The jobs of these employees were not directly affected by lean production, hence this group served as a comparison group (or a nonequivalent control group). If no change, or differential change, occurred in this group in the expected ways, then stronger causal inferences regarding the link between lean production, work characteristics, and outcomes could be made.
Hypothesized Effect of Lean Production Practices on Work Characteristics
It was expected that all production employees would report a decline in job autonomy because of the increased emphasis on standardization of procedures, which removed control over work methods. However, the decline in job autonomy was expected to be greatest for the assembly lines group. These employees not only had narrower jobs that could be more readily standardized, but their work pace was fixed by the line, resulting in reduced discretion over the timing of their work. Job autonomy was not expected to decline for the technical support group. Therefore: Hypothesis 1a: All lean production groups will report reduced job autonomy, but assembly lines will report the greatest decline. There will be no decrease in job autonomy for technical support.
Skill utilization was also hypothesized to decrease for all production employees because of the emphasis on simplifying procedures and parts, which meant less skilled fitting elements of the job and more unskilled assembly work. A particularly acute decrease was expected for assembly lines because, after the reorganization, these employees worked on a much narrower stage of the process. A less acute decrease in skill utilization was predicted for lean teams because these employees were involved in improvement activities, which was expected to compensate for reduced levels of technical skill. No decrease in skill use was hypothesized for the technical support group. Therefore, I hypothesized the following:
Hypothesis 1b : All lean production groups will report reduced skill utilization, but assembly lines will report the greatest decline and lean teams the least decline. There will be no decrease in skill utilization for technical support.
Employee participation via continuous improvement groups was the primary mechanism for employee involvement at the start of the study prior to lean production. However, the improvement group initiative declined over the study period and was replaced by two initiatives. The first was the introduction of lean teams, which represented a structure for involving production employees in decisions about their work so as to identify the best and most efficient methods of executing the tasks. The second initiative was the introduction of concurrent product and process development teams, or multidisciplinary project groups that worked on integrating the product design phase with the planning, tooling design, and tooling manufacturing phases (these activities were traditionally carried out sequentially). This initiative primarily involved members of the technical support group, although some production employees (particularly those in lean teams) were also involved. Participation in decision making for lean teams and technical support was expected to remain stable or to increase as a result of these initiatives. However, employees in formalization or assembly lines were not involved in lean teams, had marginal involvement in the concurrent product and process development teams, and had declining involvement in improvement groups. Therefore, I hypothesized the following:
Hypothesis 1c : Formalization and assembly lines will report reduced participation in decision making, but there will be no decline for lean teams or technical support.
As discussed earlier, existing evidence for the effects of lean production on quantitative role overload are mixed, with some reports of increased load and some reports of no change in work load. The situation was complicated in the current study by increases in demand for the product and by increases in the size of the workforce; both are changes that are likely to affect work load. I therefore examined the change in work load across the four groups but did not make a precise hypothesis because any changes cannot be attributed solely to the work reorganization.
Hypothesized Effect of Lean Production Practices on Employee Outcomes
The mediating framework proposes that the effects of the lean production practices on employee outcomes will depend on how they affect work characteristics. As described earlier, linkages between work characteristics and traditional outcome variables, such as organizational commitment, are well established. Associations between work characteristics and both psychological strain (i.e., job anxiety, job depression) and RBSE have also been demonstrated. Thus, assuming support for the hypothesized effects on work characteristics, reductions in all of the outcome variables for all lean production groups were expected. Because the assembly lines group is likely to experience the greatest detriment in job autonomy and skill utilization, as well as a decline in participative decision making, this group is likely to report the most negative outcomes. By the same reasoning, the effects on outcomes were not expected to be as negative for lean teams for whom no decline in participative decision making was hypothesized. Because no negative changes in work characteristics were proposed for technical support, negative changes in outcomes were not expected for this group. Therefore, I hypothesized:
Hypothesis 2 : All production groups will report reduced organizational commitment, increased job anxiety, increased job depression, and reduced RBSE, and these negative changes will be greatest for assembly lines and least for lean teams. Technical support will not report negative changes in the outcomes.
The above hypothesis is based on the assumption that the effects of the work reorganization on outcomes depend on its effect on work characteristics. Therefore, I hypothesize the following final hypothesis:
Hypothesis 3 : The effects of lean production on employee outcomes will be mediated by change in work characteristics.
Method
Procedure and Sample
Participants in the lean production groups included direct, hourly-paid production employees who carried out jobs such as fabrication, fitting, and assembly. Participants in the nonequivalent control group included engineers, technical staff, and nonadministrative support staff. All participants completed questionnaires during work time in sessions facilitated by a research team. A repeat survey occurred 3 years after the first survey. The response rate on each occasion was over 70%. A representative group of employees and managers was established to assist the researchers with the research process. To keep up to date with changes occurring in the organization, the researcher met with this group many times over the study and also met regularly with key organizational stakeholders (e.g., the manufacturing director, the human resources director, the production manager, and union representatives).
Only those employees who completed both surveys and whose data could be matched were included in the longitudinal analyses (N ϭ 368). The mean age and tenure in years of the longitudinal sample at Time 1 was 37.34 (SD ϭ 7.49) and 10.11 (SD ϭ 6.47), respectively. There were seven women (2%) and 361 men (98%). Twenty-one percent were employed on temporary contracts at Time 1, but all of these employees had been made permanent by the repeat survey. The Time 1 sample partially overlaps with the Time 1 sample used in the second study of S. K. Parker (1998) and with the Time 1 sample used in the study by S. K. Parker, Griffin, Sprigg, and Wall, 2002. 2 Analyses of variance were conducted to compare the four groups on their age, tenure, and employment status. The groups did not differ significantly in age, but there were significant differences in their tenure, F(3, 363) ϭ 3.68, p Ͻ .05, and employment status, F(3, 363) ϭ 5.18, p Ͻ .01. Assembly lines had shorter tenure (M ϭ 3.90, SD ϭ 4.82) than lean teams (M ϭ 8.08, SD ϭ 6.36), formalization (M ϭ 7.51, SD ϭ 7.28), and technical support (M ϭ 9.17, SD ϭ 7.26). Assembly lines also had more employees on temporary contracts at Time 1 (39%) than either lean teams (9%), formalization (23%), or technical support (17%). Because the groups differed on these potentially confounding variables, tenure and employment status were controlled in the main analyses. Controlling for employment status also controlled for the change from temporary to permanent status that occurred for some employees in the study.
It is important to note that only those employees who reported being in an active team that met regularly and that had been in existence for at least 3 months by Time 2 were included in lean teams. This was to ensure that the lean teams group did not include inactive teams that existed in name only or teams that had been operational for such a short time by Time 2 that job characteristics were unlikely to have been affected. In total, five employees who reported being in an inactive team at Time 2, or a team less than 3-months old at Time 2, were excluded from the sample (the results were unchanged if these employees were retained in the sample). The mean length of time employees had been in a lean team was 18.4 months (SD ϭ 12.7). The assembly line group included all those who had been working on a line for at least 3 months at Time 2. On average, these employees had been in a line for 15.43 months (SD ϭ 11.5), which is a similar length of exposure to the new practice as those in the lean teams.
Mortality, or the possibility that having some participants drop out of the study affected the results, is a possible threat to the internal validity of this nonequivalent control group design (Campbell & Stanley, 1966) . Additional analyses were therefore conducted to investigate the possibility that those participants who remained in the study (i.e., the matched sample) differed substantively from those who dropped out (i.e., those who participated at Time 1 but not Time 2, either because they chose not to take part in the study or because they left the organization). There were no significant differences in any of the biographical, work characteristic, or outcome variables (full details available from Sharon K. Parker) between those who were present on both measurement occasions (N ϭ 368) and those who completed the survey at Time 1 but not at Time 2 (N ϭ 142). The finding suggests that mortality is unlikely to be a major problem for the current study.
Survey Measures
Biographical information. Age (in years), length of service (in years), employment status (i.e., permanent or temporary contract), gender, and job title were assessed.
Work characteristics. Job autonomy (Time 1, ␣ ϭ .72; Time 2, ␣ ϭ .78) was assessed using a shortened version of Jackson, Wall, Martin, and Davids's (1993) measure of task control. Two items assessed autonomy over timing of activities (i.e., deciding on the order for doing tasks and setting own pace of work), and two items assessed autonomy over methods (i.e., varying how work is carried out and deciding how to get the job done). For each item, employees indicated how much control they had on a scale from 1 (not at all) to 5 (a great deal). Four items (based on Jackson & Mullarkey, 2000) assessed skill utilization (Time 1, ␣ ϭ .72; Time 2, ␣ ϭ .77). Three items asked the extent to which individuals carry out a range of different tasks, use a variety of skills, and make full use of their skills (using the same response scale as for job autonomy); the fourth item assessed how satisfied individuals were with the amount of variety in their work on a 5-point scale. Participation in decision making was assessed by three items (Time 1, ␣ ϭ .78; Time 2, ␣ ϭ .78), with the same response scale as for job autonomy. Employees indicated the extent that they can influence various decisions outside their immediate tasks, such as changes in their area. Three items (Time 1, ␣ ϭ .85; Time 2, ␣ ϭ .80) derived from Caplan, Cobb, French, Van Harrison, and Pinneau's (1975) measure were used to assess role overload, such as how often employees feel that they have too much for one person to do. The response scale for items was from 1 (rarely or never) to 5 (constantly).
Employee outcomes. Affective organizational commitment, an individual's emotional attachment to the organization, was assessed using four items (Time 1, ␣ ϭ .72; Time 2, ␣ ϭ .76) from the Cook and Wall (1980) measure. Respondents indicated on a 5-point scale whether they agreed or disagreed with four statements (e.g., "I feel myself to be part of this company"). Job anxiety (Time 1, ␣ ϭ .86; Time 2, ␣ ϭ .87) and job depression (Time 1, ␣ ϭ .76; Time 2, ␣ ϭ .78) were each assessed using three items from Warr's (1990) measures of job-related anxietycontentment (calm, relaxed, and comfortable) and job-related depressionenthusiasm (optimistic, enthusiastic, and motivated), respectively. Respondents indicated how much, in the past month, their job had made them feel these reactions on a 5-point scale, from 1 (never) to 5 (all of the time). All items were reverse scored. RBSE was assessed with the use of four items from S. K. Parker's (1998) measure of the concept (Time 1, ␣ ϭ .86; Time 2, ␣ ϭ .89). Employees were asked how confident they would feel carrying out a range of proactive, interpersonal, and integrative tasks, such as making suggestions to management about ways to improve their work and helping to set targets in their work area. The response scale was from 1 (not at all confident) to 5 (very confident).
Confirmatory Factor Analysis of Measures
To ensure that the work characteristic and outcome variables were distinct from each other and as a minimum check against common method variance, a confirmatory factor analysis was conducted on the items at both Time 1 (N ϭ 510) and Time 2 (N ϭ 492). All participants at each time, rather than the longitudinal sample, were included to maximize sample size. The hypothesized eight-factor structure (i.e., one factor for each work characteristic and each outcome measure) was compared with a series of alternative models. The fit indexes for these models (summarized in Table  1 ) included Jöreskog and Sörbom's (1993) goodness-of-fit index (GFI), the nonnormed fit index (NNFI; Bentler & Bonnett, 1980) , the comparative fit index (CFI; Bentler, 1990 ) and the root-mean-square error of approximation (RMSEA; Hu & Bentler, 1999) . The NNFI takes account of the parsimony of the estimated parameters, and the CFI has been identified as the best approximation of the population value for a single model (Medsker, Williams, & Holahan, 1994) . The RMSEA has a known distribution and compensates for model complexity (Hu & Bentler, 1999) . A good fit is indicated if the GFI, CFI, and NNFI are above .90 and the RMSEA is lower than .05.
A one-factor model with all items loaded on a single factor tested the possibility that a single factor would adequately account for covariation among the items. The model was a poor fit at both time points, which provides supporting evidence against bias from common method variance (Podsakoff & Organ, 1986) . A five-factor model with all work characteristics loading on a single factor but with each outcome variable loading on a separate factor was also a poor fit to the data. Similarly, a five-factor model with all outcome variables loading on a single factor but with each work characteristic loading on a separate factor was a poor fit to the data. A seven-factor model that had both job anxiety and job depression loading on a single factor was a better fit to the data but was nevertheless still inadequate (e.g., the GFIs were below .90 and the RMSEAs were above .05 at both times). The hypothesized eight-factor model that differentiated each of the work characteristic and outcome variables provided a much better fit than all comparison models at both time points. All fit indices for this model were within acceptable levels, and most standardized factor loadings were above .70 (the lowest loading item at Time 1 was .55 and at Time 2 was .55). On the basis of fit of this model, I concluded that the eight-factor model was the most appropriate representation of the factor structure of the items. Each of the work characteristics and outcome variables is therefore a separate construct, and there is no confounding across the independent and dependent variables. Table 2 shows the correlations between the major variables for the matched longitudinal sample at both Time 1 and Time 2, and Table 3 shows the longitudinal correlations. Table 4 shows the means and standard deviations for the major variables at each time separately for each group.
Results
To test the effect of the work reorganization on work characteristics (Hypothesis 1a to Hypothesis 1c) and outcomes (Hypothesis 2), I conducted a series of repeated measures analyses of covariance for each variable by using SPSSX multivariate analysis of variance (MANOVA). Group was the between-subjects variable, and time was the within-subjects variable. Two covariates, tenure and employment status (temporary vs. permanent employment contract), were included. Tenure was included as a covariate because the groups differed on this variable. Employment status was included because groups differed on this variable; previous research using the Time 1 employees from this sample showed that employment status can influence work characteristics (S. K. Parker et al., 2002) , and many employees' employment status changed over the study period.
The first step was to examine the main effects of group and time and the interaction effect of Group ϫ Time. As recommended by Tabachnick and Fidell (1989) , if the Group ϫ Time interaction effect was significant, the next step was to examine the results of simple effect tests that examine change separately for each group and that differences between groups at each time. One-tailed tests were used to evaluate the change-simple-effect tests for hypotheses with specified directions. Because significance tests are affected by sample size, for statistically significant findings, I show the results of partial eta squared statistics ( p 2 ) to provide an estimate of effect size in the sample. Partial eta squared, or the proportion of the effect plus error variance that is attributable to Note. Five-factor model (a) has the dependent variables as one latent variable but has each work characteristic as a separate latent variable. Five-factor model (b) has the work characteristics as one latent variable but has each dependent variable as a separate latent variable. GFI ϭ goodness-of-fit index; CFI ϭ comparative fit index; NNFI ϭ nonnormed fit index; RMSEA ϭ root-mean-square error of approximation.
the effect of interest, is recommended as a measure of effect size for more complex factorial and covariate designs such as in the present study (Tabachnick & Fidell, 1989) . For the simple effect tests examining group differences, where these were significant, orthogonal planned contrasts were carried out to identify how the groups differed at each time. First, the technical support group was compared with all the lean production groups combined. Second, because several hypotheses predicted this group would have the most negative changes, the assembly lines group was compared with the lean teams and the formalization group combined. Finally, lean teams were compared with the formalization group because less negative effects were predicted for lean teams. Table 5 shows the results of these analyses with the work characteristics as outcomes (see Table 4 for the means for each group at both time points). For job autonomy, there were significant main effects of group and time, and a significant Group ϫ Time effect. Results of simple effect tests showed that lean teams, assembly lines, and formalization all had a significant decline in job autonomy, but the decline was sharpest for assembly lines such that this group had significantly lower job autonomy at Time 2 than the other lean production groups combined, despite starting out with similar levels. Consistent with this, the effect size for change in assembly lines was large ( p 2 ϭ .098) and was greater than the comparable effect size for lean teams ( p 2 ϭ .028) or formalization ( p 2 ϭ .022). As expected, there was no significant change in job autonomy for technical support, and this group had higher job autonomy than the lean production groups combined by Time 2, despite starting out with similar levels. These findings support Hypothesis 1a.
Effect of Lean Production Practices on Work Characteristics
A similar pattern to that for job autonomy was observed for skill utilization. There was a significant time effect and a significant Group ϫ Time effect. Skill utilization declined for all the lean production groups but not for technical support. By Time 2, despite starting out with similar levels, technical support reported higher skill use than all other groups. The degree of decline in skill use for the three production groups was about the same, as shown by the relatively similar partial eta 2 for the change-simpleeffect tests for each group. The results provide only partial support for Hypothesis 1b because it was expected that there would be differential degrees of decline for the three lean production groups. There was a significant Group ϫ Time effect for participation in decision making. Consistent with Hypothesis 1c, there was a significant decline in participation for assembly lines and formalization, but no significant decrease for either technical support or lean teams. Indeed, the level of participation was increased for the technical support group.
There was no significant time or Group ϫ Time effect for role overload, but there was a significant main effect of group. Members of the technical support group reported significantly higher levels of role overload at both times. It is important to note that the mean levels of role overload for the lean production groups were around 2.5, or the midpoint of the 5-point response scale for these items. This suggests that the lack of change in role overload was unlikely to reflect ceiling (or floor) effects in this measure.
In summary, as expected, findings showed a decline in work characteristics for all the lean production groups. The picture was most negative for the assembly line group, which had the greatest reduction in job autonomy and also reduced skill use and lowered participation in decision making. Those in lean teams fared the best because their level of participation in decision making did not decline. Supporting the validity of the findings, there were no negative changes in these work characteristics for the technical support group; indeed, there was an improvement in the level of participative decision making for these employees. Table 6 shows the results of the repeated measures analyses for the outcome variables. There were significant main effects of group and time, and a significant Group ϫ Time effect for organizational commitment. Simple effect tests of change showed that commitment was significantly reduced for all lean production groups, but that the decline was greatest for assembly lines ( p 2 ϭ .055) and for formalization ( p 2 ϭ .047) relative to lean teams ( p 2 ϭ .016). Comparisons of group differences at each time showed that the lean production groups did not differ in their commitment at the outset, but by Time 2, assembly lines had lower commitment than the other lean production groups combined. As expected, commitment did not change for technical support. This group had lower commitment than the other groups at both times.
Effect of Lean Production Practices on Employee Outcomes
In relation to psychological strain, different results occurred for job anxiety and job depression. There was no time or Group ϫ Time effect for job anxiety. Although this contradicts Hypothesis 2, this finding can be interpreted in the light of the above result showing that role overload was not affected by the work reorganization. Role overload was expected to be a key driver of the effect of job anxiety. Consistent with this, the technical support group-who had greater role overload than others-also had significantly higher job anxiety than the lean production groups at both times. Inspection of the means showed that job anxiety scores for the lean production groups were just above the midpoint for the scale, suggesting that the lack of change over time did not reflect a ceiling effect.
For job depression, there was a significant Group ϫ Time effect and time effect. Simple effect tests showed that depression levels significantly increased for assembly lines and for formalization. However, the size of this change was much higher for the former group ( p 2 ϭ .037) than the latter ( p 2 ϭ .008). There were no significant differences between the groups at Time 1, but by Time 2, assembly lines had significantly higher job depression than the other lean production groups combined. Job depression did not change for technical support. For RBSE, there was a significant group effect and a significant Group ϫ Time effect. Simple effect analyses and inspection of effect size statistics showed that RBSE declined only for assembly lines ( p 2 ϭ .019). Consistent with this, the assembly lines group did not differ from the other lean production groups at Time 1 but had significantly lower self-efficacy at Time 2. Lean teams had higher self-efficacy than formalization at both times, and technical support had higher self-efficacy than any of the lean production groups at both times.
In summary, consistent with Hypothesis 2, all lean production groups, but not the nonequivalent control group, experienced negative change in psychological outcomes. The most consistent and pervasive negative effects on outcomes occurred for the assembly line group, who had substantially reduced commitment, increased depression, and lowered RBSE. The least negative change occurred for the lean teams group, who had somewhat reduced commitment but no change in their level of depression or self-efficacy.
Findings from both sets of analyses are thus far consistent with the idea that the negative effects of lean production on work characteristics at least partly accounts for its negative effect on employee outcomes. However, the mediating role has not yet been tested. I turn to this next.
Mediating Role of Work Characteristics
The above analyses established links between the lean production practices and work characteristics and between lean production and outcomes, that is, X 3 M and X 3 Y, respectively, in terms of the mediational model X 3 M 3 Y (where X is the independent variable, Y is the outcome variable, and M is the mediating variable; Baron & Kenny, 1986) . The conventional approach to testing mediation (i.e., a series of hierarchical regression analyses or partial correlations) was not the most appropriate test here because of the quasi-experimental design of the study. Instead, the above repeated measures analyses of covariance with employee outcomes as dependent variables were repeated with the work characteristics variables that changed included as covariates (i.e., job autonomy, skill utilization, and participation in decision making). These work characteristics at Time 1 and Time 2 were included. Two results from these analyses were important for assessing mediation. The first was whether the work characteristic as a covariate was significantly related to change in the dependent variable (M 3 Y). This is represented by a significant beta weight for the work characteristic as a covariate. The second was whether the inclusion of work characteristic covariates reduced significant Group ϫ Time or time effects associated with the work reorganization (i.e., X 3 Y controlling for M). Baron and Kenny (1986) suggested that a given variable, M, functions as a mediator when the significant effect of X is rendered nonsignificant after controlling for M. Table 7 shows the F values for group, time, and Group ϫ Time effects of these analyses and the beta weights of the covariates. The percentage change in effect size is shown to indicate the strength of the mediation and is used in conjunction with the change in significance levels to evaluate the presence of .00
.00
.01
. mediation. Job anxiety is not examined here because this outcome had neither a significant time or Group ϫ Time effect. For organizational commitment, entering the work design covariates reduced the previously significant Group ϫ Time effect to nonsignificance, which was a decrease in the effect size of 44%. The main effect of time remained significant but was reduced by 71%. Job autonomy (␤ ϭ .12, p Ͻ .05) and skill utilization (␤ ϭ .22, p Ͻ .01) were significant work characteristic covariates, suggesting that a decline in these variables partly explained the negative association of lean production with commitment. The main effect of group remained significant, suggesting that there were group differences in commitment that were not accounted for by work characteristics.
For job depression, entering the work characteristics as covariates reduced the previously significant main effect of time to nonsignificance (effect size reduced by 81%), as well as the Group ϫ Time effect to nonsignificance (effect size reduced by 43%). The main effect of group remained significant. Skill utilization (␤ ϭ -.16, p Ͻ .01) and participation in decision making (␤ ϭ -.13, p Ͻ .05) were both significant covariates, suggesting that changes in these aspects were the key drivers of the differential changes in depression for the various groups.
For RBSE, including the work design covariates, reduced the previously significant Group ϫ Time effect to nonsignificance (effect size reduced by 45%). The significant group effect remained after entering covariates. The significant work covariates were participation in decision making (␤ ϭ .19, p Ͻ .01) and skill utilization (␤ ϭ .11, p Ͻ .05).
In summary, these results largely support Hypothesis 3. Each of the work characteristics covariates was an important predictor of one or more outcomes. Significant time and Group ϫ Time effects in the main analyses were reduced to nonsignificance for job depression and RBSE, suggesting that the effects of implementing lean production on these outcomes were fully mediated by the work characteristics. For organizational commitment, the finding that the time effect remained significant after entering the covariates (albeit considerably reduced in size) suggests that the effect of lean production on this outcome was partially mediated by work characteristics.
Discussion
Implications for Understanding Lean Production
This study, one of the few rigorous evaluations of lean production, adds to our understanding in several ways. Consistent with existing observations (e.g., Landsbergis et al., 1999) , the findings suggest that lean production can be damaging to employees. Although the current organization was in the early stages of a lean production initiative, negative human consequences emerged. After the work reorganization, all groups reported poorer quality work designs, and at the least, experienced a decline in organizational commitment. These changes were not likely to reflect an undifferentiated negative response set because the same employees also reported no change in role overload or job anxiety. These findings are also unlikely to reflect a deterioration in work characteristics as a result of generic organization-wide changes because there was no negative change in work characteristics (and some positive change) for a comparison group of support staff who did not directly experience lean production.
These results suggest caution for companies considering lean production initiatives, especially if they aspire to have a mentally healthy, self-efficacious and committed work force. In the light of research that suggests reduced job autonomy can increase the risk of cardiovascular disease (e.g., Theorell & Karasek, 1996) , this study also raises questions about the long-term physical health effects of these practices. Similarly, given evidence that commitment, RBSE, and psychological strain affect behaviors like contextual performance, attendance, and innovation (Axtell et al., 2000; Mathieu & Zajac, 1990) , there might well be negative long-term performance consequences of lean production.
This study also suggests that different elements of lean production have different consequences. In particular, the installation of the moving assembly line appeared to be a clear move backward for the employees involved, being associated with severe negative effects on work characteristics as well as increased job depression, lowered job commitment, and reduced RBSE. These findings are of concern because assembly lines are central to both mass and lean production settings. As Jürgens, Malsch, and Dohse (1993, p. 345) observed, lean production methods have led to "a further perfecting of the assembly line organization."
Although not as extreme as for the assembly line group, those employees working in lean teams and those exposed to workflow formalization and standardization also reported negative work design changes and outcomes. For those in lean teams, the lower autonomy and use of skills concurs with arguments that the multiskilling in these lean teams is more akin to multitasking (Berggren, 1992; Delbridge et al., 1992) . The fact that participation was not enhanced in lean teams is consistent with the view that employee participation in decision making remains restricted in these types of teams. The decline in commitment observed for those in lean teams, albeit relatively small, contradicts Adler's (1993) suggestion that the high discipline inherent in lean jobs results in a motivating work environment. Nevertheless, those in lean teams did not experience increased depression or reduced self-efficacy, nor did they experience the same degree of decline in commitment as the other lean production groups. This might have been because participation in decision making did not decline for this group, and as suggested by Adler and Borys (1996) , an enabling approach to workflow formalization is likely to have more positive effects (or at least, fewer negative effects) than a coercive one. It is also possible that the lean teams had some counterbalancing positive consequences for employees who were not measured, such as increased coworker trust (Jackson & Mullarkey, 2000) .
The findings of the current study support a model in which work characteristics mediate, at least partially, the effect of lean production practices on employee outcomes. There was evidence of full mediation for job depression and RBSE and partial mediation for organizational commitment. The mediational model provides a framework for systematically predicting, and refining our understanding of, the potential effects on employees of various forms of work reorganization. From a practical view point, the model suggests that, to the extent that management introduces lean production in such a way that it has positive effects on job autonomy, skill use, or participative decision making, there is more likely to be positive consequences for employees well-being and motivation. The model also helps to resolve inconsistencies in the literature because it identifies that the same intervention-such as lean production-is likely to have different consequences for work characteristics, depending on factors such as the different elements of lean production that are introduced, the degree to which an enabling approach is adopted, the way the intervention is implemented, the preexisting work design, or the nature of the technology. These contingency factors can be systematically investigated in subsequent research and then can be built into the theoretical framework, and ultimately, into tools to develop more effective management practice.
Implications for Work Design Research and Practice
The study demonstrated that reducing work design quality can increase employees' level of job depression. There are relatively few longitudinal studies that have established a link between work characteristics and mental health dimensions other than job satisfaction (S. K. Parker et al., 2003) . The current investigation is also one of the few work-design studies to distinguish between job anxiety and job depression, and as expected, they operated differently.
Just as important for work design research, the current study shows how negative work redesigns can diminish employees' RBSE, which is significant in an era in which the proactive, self-directed employee is argued to be critical (Crant, 2000) . Only a handful of studies have shown a link between work design and proactive outcomes such as RBSE (S. K. Parker, 2000) , and most have focused on the positive effects of work enrichment rather than the negative effects of work simplification. This suggests that organizations that wish for proactive and self-directed employees should pay more attention to work characteristics, in practice as well as in rhetoric. Call centers, for example, are often designed along Taylorist lines, with tight control over employees' behavior and narrow sets of tasks. Such work designs are not likely to be conducive to employee self-efficacy.
Limitations and Further Research
A limitation of the current study is that it focused on only one factory, thereby raising questions about generalizability. As argued earlier, there are likely to be contingency factors that moderate the relationship between a work reorganization and its effects on work characteristics, such as the preexisting work organization and the style of implementation. If these factors are relatively similar to those observed here, similar consequences for jobs and employees are likely. The plant represented a fairly typical one in terms of the type of work organization it had prior to lean production, with traditional work groups, a hierarchical structure, and production employees involved mostly in direct tasks. The work reorganization also involved a mixture of mass production and lean production principles, which is typical in non-Japanese companies introducing lean production (MacDuffie & Pil, 1996) . Therefore, it is probable that negative consequences of lean production will be observed in sites elsewhere.
A further issue for the current study is the reliance on perceptual measures of job characteristics, which might have inflated associations with the self-reported outcomes. However, the confirmatory factor analysis suggested that employees discriminated between different aspects, contrary to what would be expected if monomethod bias was present. In addition, there is evidence that perceived job characteristics map closely to observer ratings (Fried & Ferris, 1987) and that properly developed measures are resistant to the method variance problem (Spector, 1987) . The longitudinal design also controlled for the possible confounding effects of stable third variables such as personality on self-report ratings. Finally, and perhaps most important, in the current study, changes in perceived job characteristics corresponded closely with the observed effects of the lean production practices. Overall, the use of perceptual measures of job characteristics is unlikely to be a serious threat in this study.
Another issue with the current study is that it had a nonequivalent control group (rather than an equivalent control group), which means some threats to internal validity (e.g., selection, and the interactions between selection and other validity threats) cannot be ruled out. In particular, it is possible that the negative outcomes are attributable to a change other than lean production that affected only the direct production employees. Nevertheless, as a result of gathering considerable qualitative data (see Method), all major changes likely to affect production employees were known to the researcher. The major co-occurring change that did occur within production (i.e., changes in employment status for some employees) was identified and controlled for in the analyses. In addition, there were different consequences of what were, in essence, different levels of the intervention (i.e., lean teams, assembly lines, workflow formalization). Because differential changes occurred for these groups, largely as hypothesized, this increases confidence that the change occurred in response to the lean production practices rather than any other change.
Another criticism that could be leveled at the study is that no objective outcome measures were used. In fact, extensive behavioral data were obtained throughout the project (e.g., that assessing absence, quality, delivery times, and accidents); however, it proved impossible to interpret these data in any meaningful way. First, over the period, the company's methods for collecting the information often changed. For example, as part of revisions to personnel policies associated with the take over, the way that absence was recorded, monitored, and followed-up was altered. It is not possible to tease out real changes in absence from changes in reporting procedures. Second, any comparisons of performance data, such as quality or lead times, were confounded by the increase in production levels over the period. Thus, although such objective data are potentially insightful and an important complement to self-report data, practical issues did not allow the meaningful use of these data here.
Nevertheless, the effect of lean production on indicators such as those mentioned remains an important issue for future research. In the same way that the effects for employees are contentious, there is also debate about its productivity implications. Some see lean production as the only way to achieve world class performance (e.g. Adler & Cole, 1993) , but others (e.g., Berggren, 1994) have argued that it is not always the most competitive option. Pertinent to this issue is whether management in the current organization could have made different choices to reduce the negative employee consequences of lean production without sacrificing (or even enhancing) productivity. For example, adopting an approach that has been successful elsewhere (Berggren, 1992) , employees on the assembly line could have been allowed to move with the product rather than staying at a fixed station, thereby reducing physical fatigue because of repetition and retaining employees' skill utilization. Another option might have been to allow the employees greater collective autonomy over operational decisions, such as when to stop the line, or to adopt a more enabling approach in which employees are involved in wider decisions, such as those concerning the merging of different lines. What the effects on performance and productivity would be of such interventions is unclear in the current case, and indeed, more generally. It is an important issue to address. Otherwise employers might assume lean production is the one best way, with the workforce paying the price of this myopia.
